We decompose the real annual full time compensation costs of 1.1 million French workers followed over 12 years into a part that reflects their external opportunity wage and a part that reflects their internal wage rate. Using these components of compensation we investigate the extent to which firm-size wage differentials and inter-industry wage differentials are due to variablility in the external wage (person effects) versus variability in the internal wage (firm effects). For France, we find that most of the firm-size wage effect and most of the inter-industry wage effect is due to person effects-differences in the external wage rates.
Introduction
For more than three decades, since the publication of Gary Becker's classic treatise on human capital in 1964 and Jacob Mincer's fundamental empirical analysis of earnings in 1974, the study of wage determination has relied heavily on models of labor supply and the analysis of individual wage outcomes. The supply-based models considered the labor market as a whole, the external market, to represent essentially all of the economically important possibilities for the individual. Glenn Cain recognized in 1976 that the labor supply based analysis of earnings determination would have difficulty explaining the internal (to the firm) market phenomena that were then called the "segmented" labor markets. In 1986 both Sherwin Rosen and Robert Willis called for increased analysis of matched employer-employee data as a necessary part of the unification of the supply and demand side models of compensation and employment outcomes. The external labor market represents a heterogeneous collection of employment opportunities that might be available as an alternative to any particular person's current job. The internal labor market represents a heterogeneous collection of compensation and human resource management policies that describe the career possibilities for an individual who does not change employers. There is now a general consensus within labor economics that symmetric modeling of the employee and employer outcomes and detailed information on both the employer and employee are essential to distinguish internal and external labor market factors. More importantly, longitudinal data on employers and employees, data in which individuals are observed at multiple employers and a significant percentage of employees are observed within sampled firms, are required to identify the basic individual and firm effects that are at the heart of internal and external labor market models and descriptions.
We begin our analysis by supposing that real compensation costs per employee can be described as the sum of effects due to observable human capital investments by the individual, heterogeneous individual factors revealed to the labor market (but not to the statistician, except by inference) and heterogeneous employer factors. The internal labor market is modeled as factors specific to the employing firm. These include the firm effect in the compensation equation and also the firm's choices regarding the distribution of individual characteristics (including unobservable heterogeneity). The external labor market is the description of the opportunities available to a given individual at a given time. These include the returns to human capital and the returns to search among the heterogeneous potential employers. Building on the analysis of Abowd, Kramarz and Margolis (1996, AKM hereafter) we define a measure of an employee's external wage rate that depends the worker's labor market characteristics and the characteristics of other the worker's other wage outcomes (those observed at different employers). We also define an internal-external wage differential that we show depends only upon the firm's compensation policy and the correlation of its human resource management policies with the other firm policies in the labor market. Our measure of the internal-external wage gap can only be identified using longitudinal data on employees and employers. We use estimates from AKM to assess the correlation among the observable human capital, individual heterogeneity, and firm heterogeneity components of compensation. We then use our sample estimates to examine the sources of inter-industry wage differentials and firm-size wage differentials for French firms. For France, person and firm effects are positively, but weakly correlated. The firm-size wage effect is due almost entirely to variation in the external wage rate (person effects). Ninety percent of the inter-industry wage differential is due to variation in the external wage rate.
There are two major barriers to the statistical and economic analysis of models with unobservable personal and firm heterogeneity. First, one must be able to quantify the components of pay related to individual characteristics, individual heterogeneity, employer characteristics and employer heterogeneity. In an imperfectly designed sample, one may not be able to distinguish among individual and firm effects and may, as a consequence, attribute too much of the empirical variation to one source. This purely statistical phenomenon places heavy demands upon the data--demands that can only rarely be satisfied. Second, in the face of the measured heterogeneity of labor market outcomes among individuals and among employers, modeling the economic structure of the worker's "opportunity wage" or the firm's "internal compensation policy" is not 
A model of internal and external wages
We begin with a straightforward model, taken directly from AKM, for the statistical structure of individual compensation:
where w it is the natural logarithm of pay per unit of time for individual i in period t; θ i is the part related to the individual, including observable non-time-varying characteristics;
i t is the part related to the firm; 1 x it β is the part related to individual and general timevarying characteristics; ε it is the idiosyncratic part uncorrelated with θ, ψ, and xβ; and the function J(i,t) gives the identity of the employing firm. For a sample of N individuals followed over t T i = 1, , years, the general statistical structure of equation (1) is:
where µ is the overall intercept of w, Σ is the covariance matrix for [θ, ψ, x] and σ represents elements of Σ. Using data for 1.1 million French workers followed from 1976 to 1987, AKM estimated that the covariance matrix in equation (3) had the form shown in Table 1 . Equations (1) to (3) can be used to construct direct measures of an individual's internal and external wage rate. Define the internal wage rate as the expected wage rate, given employment in firm j:
Define the external wage rate, w a , as the expected wage rate alternative employment in a firm other than j:
The expectation in equation (5) is taken over all possible employers j j '≠ according to the distribution of employer effects in the population of employees conditional on the individual effect and observable characteristics. We assume that the expectation on the right-hand side of equation (5) is zero. Hence, the expected difference between an individual's internal and external wage rate is given by:
In data where individual and firm characteristics are both observable for representative longitudinal samples of the relevant populations, a natural estimator of the gap between an individual's internal and external wage rate is given by the least squares estimator of equation (1) (1):
where the circumflex over the indicated effect means that it was estimated by least squares in the given equation, either (6) or (7). An individual's estimated internal wage rate is
and an individual's estimated external wage rate is
An alternative to direct estimation of the internal-external wage difference is to use estimates of the person and firm effects to decompose conventional aggregated components of compensation, such as industry effects or firm-size effects, into the part due to person and firm effects. Suppose that one considered the following model as an alternative to equation (1):
where the effect κ measures the effect of some aggregation, say industry or firm size, and the function K(i,t) classifies the individual into the aggregated category k. AKM show that the least squares estimator of κ can be expressed as a properly-weighted average of the average person and firm effect within the category k:
where θ k and ψ k are the average firm and person effect, respectively, in category k, given the individual characteristics, x.
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The interpretation of equation (11) is also straightforward: given the individual characteristics, x, the measured average effect of being in a category k consists of the amount by which the external wage rate differs from the average (θ µ k − ) plus the amount by which the internal wage rate differs from the average (ψ k − 0 ), in both cases given x.
Characteristics of the French longitudinal matched employer-employee data
Our analysis sample is the same one used by AKM. The reader is invited to consult the data appendix therein for details on the construction of the employee and firm characteristics. We review only the variables used in the present analysis. 1983 when the underlying administrative data were not sampled). We converted the reported net salaries of the sampled individuals into annual equivalent real total compensation cost using information on the days worked during the year and on the employer/employee payroll tax rates in effect each year. 6 From the DAS and supplemental sources, AKM were able to measure labor force experience, education, sex, region of employment and seniority at the employing firm. These variables, as well as data year, were included in the statistical model for estimating the coefficients β in equation (1). The effect of observable characteristics was fully-interacted in sex and included unrestricted individual and firm effects. 7 For the present paper, the internal-external wage differentials given in equation (7) and (8) Table 2 summarizes the pattern of individual responses and employers in our analysis data set. An important consideration in the identification of the person and firm effects in equation (1) is the extent of within-sample mobility between firms. Column 1a of Table 2 shows that a very large fraction of our single-employer individuals worked for a firm that employed a worker who also worked for another firm in the sample. This feature of large administrative databases is the reason why we are able to estimate person and firm effects for almost 90% of the observations.
Results of the analysis of firm size-wage differentials
To study the extent to which the firm size-wage differential is related to our measure of the internal-external wage gap, we constructed an estimate of κ θ ψ
equation (11) for 25 firm size cells as shown in Table 3 . As is clear from the table, French firms display the same strong firm-size wage relation that Brown and Medoff (1989) found for American firms. The column labeled "Raw firm size effect" shows the estimated differential for firms of that size as compared to 0, the arbitrary reference point, and is the estimated κ k , controlling for x. The column labeled "Average person effect"
shows the average, within firm-size cell, of the person effects, again controlling for x, and is the estimated θ k . Finally , the column labeled "Average firm effect" shows the average, within firm-size cell, of the firm effects, again controlling for x, and is the estimated ψ k . Figure 1 presents the results graphically. Except for the largest firm size, virtually all of the firm-size wage effect in France is explained by the average person effect in the firmsize group. In France, the largest firms are almost all stock-based companies in which the government is the sole or majority shareholder. The presence of a firm-size effect in the wage rates of the employees of these firms that is not due to a high average person effect could be interpreted as evidence of rent splitting between the government and the employees of these firms. Alternatively, these firms may also be the ones that use technologies most conducive to compensation plans that involve a distinction between the internal and external wage rate.
Results of the analysis of inter-industry wage differentials
We also used our estimates of the internal-external wage differential to revisit the question of inter-industry wage differentials in France. Table 4 
Conclusions
We have proposed a new measure of external wage rates that is identified in matched longitudinal individual-firm data. Using this measure, in conjunction with other firm and individual data, we have shown that virtually all of the firm-size wage effect (adjusted for individual characteristics) is due to the tendency of large firms to employ individuals with high external wage rates. Similarly, about 90% of the inter-industry wage differential, again adjusted for individual characteristics, is due to the tendency of high wage industries to employ individuals with high external wage rates. We believe that these calculations demonstrate, once again, the importance of matched individual-firm data, particularly longitudinal data, for understanding the structure of the labor market. Abowd, Kramarz and Margolis (1996) Table VII , order dependent persons first. Standard errors available on request. Except for ferrous metal, the maximum standard error for the raw industry effect and the average person effect is 0.006 and for the average firm effect 0.001. The weighted average standard deviation is based on the formula from Krueger and Summers (1988) . Table 4 Analysis of the Importance of Internal and External Factors Inter-industry Wage Differential
